Abstract. Esophageal-gastric junction adenocarcinoma (AEG) is an aggressive tumor with high incidence and dismal prognosis worldwide. Despite significant advances in therapeutic strategies, the 5-year survival rate still remains low. Diallyl disulfide (DADS), which is one of the major volatile components isolated from garlic, has been shown to have multi-targeted antitumor activities in a variety of cancer cells. However, the exact anti-metastatic effects and underlying molecular mechanisms of DADS in AEG have not been elucidated. The present study demonstrated that DADS inhibited cell viability of OE19 cells with low cytotoxicity to healthy hepatocytes, L02 cells, in vitro. Non-toxic doses of DADS were ≤10 µg/ml for a 24-h treatment. Our data showed that these non-toxic doses of DADS were found to block the metastasis of OE19 cells by suppressing MMPs, increasing u-PA and TIMPs, as well as altering the balance of MMPs/ TIMPs, which at least in part resulted from the suppression of NF-κB and PI3K/AKT signaling pathways. The present study provides a previously neglected insight into the investigation of DADS in suppressing tumor metastasis and its underlying molecular mechanisms in vitro. Hence, DADS could be a promising anticancer agent for anti-metastatic treatment of AEG in the future.
Introduction
Esophageal-gastric junction adenocarcinoma (AEG) is different from either esophageal cancer or gastric carcinoma in pathology and the clinic, which have their center within 5.0 cm proximal or distal from the cardia (1) . According to Siewert's classification, AEG is currently divided into three types in terms of the anatomic location of the tumor center. Type Ⅰ termed as distal esophageal carcinoma usually originates from Barrett's esophagus. Type Ⅱ termed as true carcinoma of the cardia originates from the cardial epithelium or short segments of intestinal metaplasia in the esophagogastric transition. Type Ⅲ termed as sub-cardial gastric carcinoma originates from short segments of the intestinal metaplasia (2) .
Metastasis is the spread of cancer cells from the primary site to form tumors at distant sites. Tumors with invasive and metastatic potential are relatively resistant to chemotherapy. Therefore, metastasis is responsible for more than 90% of cancer mortality (3) . Moreover, traditional chemotherapeutic agents and radiotherapy for cancer management often have obvious toxicity. Thus, it is important to develop natural and safer compounds as therapeutic agents to reduce the risk and to overcome various types of carcinomas (4) . Some of these natural sources have been characterized as potential agents with anti-metastatic activity. Garlic, a member of the Liliaceae family used for seasoning food in many different countries, is considered to exhibit medicinal properties in various diseases such as cardiovascular disease and diabetes, infections as well as different types of cancers (5) .
In the present study, we focused on diallyl disulfide (DADS), a major lipid-soluble organic compound isolated from crushed garlic which represents 40-60% of garlic essential oil (6) . DADS has a wide variety of biological activities, such as stimulating the immune system, reducing the risk of cardiovascular disease and diabetes, protecting against infections, and show significant chemopreventive and antitumor activities (7) (8) (9) . However, the impacts and molecular mechanisms underlying potential anti-metastasis activities of DADS in human type Ⅱ AEG cells are not yet well understood.
Diallyl disulfide inhibits the metastasis of type Ⅱ esophageal-gastric junction adenocarcinoma cells via NF-κB and PI3K/AKT signaling pathways in vitro
Thus, the aim of the present study was to demonstrate the anti-metastatic functions of DADS and the underlying mechanisms in human type Ⅱ AEG OE19 cells. We demonstrated that DADS inhibited the cell viability of OE19 cells with low cytotoxicity to healthy L02 hepatocytes. Non-toxic doses of DADS were ≤10 µg/ml after 24-h treatment. Furthermore, the results from the present study revealed that these non-toxic doses of DADS blocked the migration and invasion of OE19 cells by suppressing MMPs, increasing u-PA and TIMPs, as well as altering the balance of MMPs/TIMPs, which at least in part results from the suppression of NF-κB and PI3K/AKT signaling pathways. This study presented new evidence of the role of DADS in type Ⅱ AEG treatment and specifically in the metastatic progression of OE19 cells.
Materials and methods
Materials. DADS was purchased from Sigma-Aldrich (St. Louis, MO, uSA). The MMP-2 and MMP-9 gelatin zymography standard was acquired from Chemicon International (Temecula, CA, uSA). Primary antibodies against MMP-2 rabbit antibody (#4022), MMP-9 rabbit antibody (#3852), TIMP-1 rabbit antibody (#8946), TIMP-2 rabbit antibody (#5738), PI3K rabbit antibody (#4252), p-PI3K rabbit antibody (#4228), AKT rabbit antibody (#75692) and p-AKT rabbit antibody (#13461) were purchased from Cell Signaling Technology (Beverly, MA, uSA). Primary antibodies against u-PA mouse antibody (sc-59729), NF-κB (p65) mouse antibody (sc-71675), IκBα mouse antibody (sc-52900), p-IκBα mouse antibody (sc-52943) and β-actin mouse antibody (sc-47778), as well as HRP-conjugated goat anti-mouse and anti-rabbit secondary antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, uSA).
Cell culture. Human type Ⅱ AEG cell line, OE19, was established in 1993 from a gastric cardia adenocarcinoma (AEG, type Ⅱ) of a 72-year-old male patient. The tumor was identified as pathological stage Ⅲ (Uicc) and showed moderate differentiation. It was a gift from the Gastroenterology Department of Southwest Hospital of the Third Military Medical university. Human normal liver cell line L02 was obtained from the Chinese Academy of Shanghai Institute of Cell Biology (Shanghai, China). These cells were routinely cultured in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco, Life Technologies, Vienna, Austria), 100 u/ml penicillin and 100 mg/l streptomycin, and were maintained at 37˚c, in a humidified incubator containing 5% CO 2 . Cells in a logarithmic growth phase were used for the assays (10) .
Cell viability assay. The cell viability was assessed by MTT reduction assay (11) . DADS was dissolved in phosphatebuffered saline (PBS) and prepared at the concentration of 1000 µg/ml as stock solution. DADS was further diluted to the appropriate concentrations before use.
OE19 cells and L02 cells (2x10 4 cells/well) were seeded in 96-well plates. After 24 h of attachment, various concentrations of DADS were applied to the cells and the incubation was extended. PBS was used as control. After the treatment, the cells were washed with PBS, and 20 µl of MTT solution (5 mg/ml) was added to each well for an additional incubation for 4 h at 37˚c in the dark. The solution was discarded and the blue crystals were dissolved with 150 µl dimethyl sulfoxide (DMSO). The optical density was measured at 570 nm (Bio-Rad Laboratories, Richmond, CA, uSA). Relative cell viability of DADS was expressed as the percentage relative to the control. The following formula was used for the calculation: Cell viability ratio = 1-[(A value of the control -A value of the experimental samples)/A value of the control] x 100%. Half maximal inhibitory concentration (IC 50 ) value was calculated by SPSS software (SPSS, Inc., Chicago, IL, uSA). Each assay was performed in 5 replicates.
Wound scratch assay. Cell migration ability was conducted by wound scratch assay as previously described (12) . In brief, 1x10 6 OE19 cells were cultured in a 6-well plate with medium containing 10% FBS to make an adherent monolayer. When the cells were cultured to a confluent cell monolayer, a 200-µl Eppendorf tip was used to scratch the cell monolayer to create a uniform wound. The cells were washed three times and cultured in serum-containing RPMI-1640 medium (2% FBS) with indicated in concentrations of DADS (2.5, 5 and 10 µg/ml, respectively) for 24 h. PBS was used as a control. The wound areas were photographed by phase contrast microscopy at the stages of 0 and 24 h, respectively. The wound area was determined by Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD, uSA) in order to calculate the migration distance of the cells. The migration rates were calculated by the following formula: Migration rate % = original scratch width -new scratch width/original scratch width.
Cell invasion assays. Transwell chamber system (Millipore, Billerica, MA, uSA) was performed to examine cancer cell invasion in vitro. Briefly, the upper surface of the membrane was coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, uSA). OE19 cells were pretreated with different concentrations of DADS (2.5, 5 and 10 µg/ml). PBS was used as control. OE19 cells (5x10 4 cells/200 µl) of each group were seeded in the upper compartment of the Transwell chamber, and 500 µl medium with 20% FBS was added to the lower compartment of the chamber. After incubation for 24 h, the media were aspirated from inside, and the non-invasive cells on the upper side were removed by a cotton swab. Moreover, the invasive cells located on the lower side of the Matrigelcoated filter were fixed with 4% paraformaldehyde for 20 min and stained with 0.1% crystal violet for 10 min. Images were captured under the optical microscope at x200 magnification. The experiments were conducted in triplicate, and the number of migrated cells in five randomly chosen fields was analyzed for each group. The data analysis was carried out by ImageJ software. Invasion rates were calculated according to the following formula: Invasion (% of control) = (penetration cell number in the experimental group/penetration cell number in the control group) x 100% (13).
Quantitative real-time polymerase chain reaction. OE19 cells were seeded in 6-well plates. on reaching 80% confluence, the cells were treated with different concentrations of DADS (2.5, 5 and 10 µg/ml) and harvested for 24 h. PBS was used as the control. Total RNAs were extracted from the cells using TRIzol reagent according to the manufacturer's instruction (Invitrogen, Carlsbad, CA, uSA). The concentrations of RNA were assessed by spectrophotometry at 260 and 280 nm. PCR analysis was performed. The cDNA was obtained by reverse transcription with 1 µg total RNA by using PrimeScript™ RT Master Mix kit according to the manufacturer's instructions (Takara, Dalian, China). Quantitative real-time polymerase chain reaction was performed using SyBR premix Ex Taq™ Ⅱ Perfect Real-Time kit according to the manufacturer's instructions (Takara). All the reactions were carried out using the ABI System (Bio-Rad Laboratories, Hercules, CA, uSA). The cycling conditions were set as follows: 30 sec at 95˚c, followed by 40 cycles of 95˚c for 5 sec and 60˚c for 34 sec. The samples were run in triplicate in three independent experiments. The amount of each target gene was normalized to β-actin, and the relative gene expression was calculated by the comparative C T method. All the primer sequences were designed by Premier 5.0 software (Premier Biosoft International, Palo Alto, CA, uSA) and synthesized by Takara Bio (Shiga, Japan) (14) . The sequences of gene primers are shown in Table Ⅰ .
Gelatin zymography assay. The effects of DADS on the gelatinolytic activities of MMP-2 and MMP-9 in OE19 cells were examined by gelatin zymography as preiously described (15) . OE19 cells were seeded in 10-cm culture dishes. upon reaching 80% confluence, the cells were treated with different concentrations of DADS (2.5, 5 and 10 µg/ml) and harvested for 24 h. PBS was used as control. After incubation, the cell conditioned medium was harvested and concentrated at 4˚c. And then, the quantification of the protein concentrations was determined.
The proteolytic enzyme activity of MMP-2 and MMP-9 was measured by gelatin zymography. Briefly, equal amounts of proteins were separated by gelatin substrate gels, which were included on 10% zymogram gel (Bio-Rad Laboratories) containing 0.1% gelatin. Electrophoresis was performed at 100 V for 3 h at 4˚c. After electrophoresis, the gels were rinsed twice in 2.5% Triton X-100 for 30 min to remove SDS. After the washes, the gels were incubated overnight at 37˚c in 50 mmol/l Tris-Cl (pH 7.8), 0.2 mol/l NaCl, 5 mmol/l CaCl 2 and 0.02% Brij 35. Subsequently, gels were rinsed with distilled water, stained with 0.25% Coomassie Brilliant Blue for 30 min and destained with 3-5 washes until the clear bands were visualized. The gelatinolytic activities were quantified by ImageJ software. The experiments were repeated three times. The relative fold changes of protein levels were calculated as ratios between the experimental groups vs. control group.
Preparation of different cell fractions. OE19 cells were seeded in 10-cm culture dishes. upon reaching 80% confluence, the cells were treated with different concentrations of DADS (2.5, 5 and 10 µg/ml) for 24 h. PBS was used as control.
For total protein extraction, the cells (1x10 6 ) were rinsed twice with ice-cold PBS after incubation, and were lysed in RIPA buffer supplemented with protease inhibitor cocktail and phosphatase inhibitor on ice for 30 min. Cell lysates were centrifuged at 14,000 rpm at 4˚c for 20 min, and the resulting supernatants were collected (16) .
To investigate the cytosolic fraction and nuclear fraction, proteins were prepared as previously described (17) . The cells were washed twice with ice-cold PBS, lysed with ice-cold lysis buffer containing 10 mM HEPES, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 1 mM PMSF and 0.5% NP-40 with freshly added protease inhibitors for 20 min. The cells were scraped, mixed and centrifuged at 14,000 rpm at 4˚c for 20 min. The supernatants were saved as the cytosolic fractions at -80˚c. moreover, the nuclear pellets were resuspended in ice-cold nuclear extraction buffer containing 20 mM HEPES, 0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM PMSF and 0.5% NP-40 with freshly added protease inhibitors on ice for 30 min. After another centrifugation at 12,000 rpm at 4˚c for 20 min, the supernatant containing the nuclear protein was stored at -80˚c.
Protein concentrations were determined by the BCA Protein Assay kit (Pierce, Rockford, IL, uSA) according to the manufacturer's protocol. Samples were adjusted with lysis buffer and cooked in boiling water for 5 min for later use.
Western blot assay. Equal amounts of protein extracts (50 µg) were loaded and separated by 8-12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and transferred onto polyvinylidene difluoride (pVDf) membranes (Millipore). The membranes were subsequently blocked with 5% defatted milk in Tris-buffered saline (TBS) containing 0.1% Tween-20 at 37˚c for 4 h. These membranes were probed with specific primary antibodies overnight at 4˚c. After three washes of 10 min each in TBST, the membranes were incubated with appropriate horseradish peroxidase (HRP)-conjugated secondary antibodies (1:5,000-1:10,000) for 2 h at room temperature and subsequently washed again.
The peroxidase reaction was visualized with an Enhanced Chemiluminescence Plus kit (Millipore) according to the manufacturer's protocol and exposed by autoradiography to visualize the immunoreactive bands. The densitometric 
analysis was performed by ImageJ software. Expression data of the target proteins were normalized by respective β-actin. The experiments were repeated three times. The relative fold changes of protein levels were calculated as ratios between the treated groups vs. control group (11) .
The following primary antibodies were used: anti-MMP-2 antibody (1:500), anti-MMP-9 antibody (1:500), anti-TIMP-1 antibody (1:500), anti-TIMP-2 antibody (1:500), anti-u-PA antibody (1:1,000), anti-PI3K antibody (1:1,000), anti-AKT antibody (1:1,000), anti-p-AKT antibody (1:1,000), anti-NF-κB p65 antibody (1:1,000), anti-IκBα antibody (1:1,000), anti-p-IκBα antibody (1:500) and anti-β-actin antibody (1:1,000).
Statistical analysis. Statistical analysis of the data was conducted by the SPSS 17.0 software (SPSS). The results were confirmed by conducting at least three independent experiments, and the quantitative data are presented as the mean ± SD. The two-tailed Student's t-test was performed for paired samples, and one-way ANOVA or two-factor factorial ANOVA was used to analyze the differences among groups. P<0.05 was highly considered statistically significant and P<0.01 was considered highly statistically significant.
Results
Cytotoxic effects of DADS on OE19 cells. After incubation with DADS at different concentrations (0, 20, 40, 80 and 120 µg/ml) for 24, 48 and 72 h, the OE19 cells were examined by phase contrast microscopy for morphologic characteristics. The control-treated cells showed a typical polygonal and intact appearance, whereas the DADS-treated cells displayed a dose and time-dependent change in cell shape, such as apoptotic bodies, cellular shrinkage, poor adherence and round floating shapes (Fig. 1A) . MTT assay was used to detect the anti-proliferation effects of DADS at different concentrations (0, 20, 40, 60, 80, 100, 120, 140 and 160 µg/ml) on OE19 cells for 24, 48 and 72 h. The results showed that DADS obviously inhibited the viability of OE19 cells in a dose-and time-dependent manner, which indicated that DADS obviously inhibited cell viability at concentrations of 20-160 µg/ml after exposure for 24, 48 and 72 h (P<0.01; Fig. 1B and C) . After treatment for 24, 48 and 72 h, the IC 50 values of DADS for OE19 cells were estimated to be 90.16, 89.58 and 75.76 µg/ml, respectively. In addition, the 72-h treatment group had a significant difference with the 24-and 48-h treatment groups (P<0.01; Fig. 1B and C) .
Cytotoxic effects of DADS on healthy hepatocytes L02 cells.
MTT assay was used to detect the anti-proliferation effects of DADS at different concentrations (0, 20, 40, 60 and 80 µg/ml) on OE19 and L02 cells for 24 h. Our data showed that DADS had a much lower cytotoxic effect on L02 healthy hepatocytes than on OE19 carcinoma cells (P<0.01; Fig. 2) . Hence, DADS significantly inhibited the viability of type Ⅱ AEG cells in a dose-and time-dependent manner with less cytotoxicity to healthy hepatocytes in vitro.
Effects of low-dose DADS on OE19 cells. under a phase contrast microscope, OE19 cells of the control group showed a typical polygonal and intact appearance. Moreover, the lowdose DADS-treated cells displayed no obvious changes in cell morphologic characteristics (Fig. 3A) .
MTT assay was used to detect the anti-proliferation effects of low-dose DADS at different concentrations (0, 2.5, 5 and 10 µg/ml) on OE19 cells for 24 h. Our data showed that DADS at concentrations <10 µg/ml did not cause cytotoxicity and did not affect the viability after a 24-h treatment (P>0.05; Fig. 3B ). To exclude the possibility that the anti-invasive effect of DADS was affected by its cytotoxicity, non-cytotoxic concentrations (<10 µg/ml for 24 h) were applied in the following experiments.
Effects of DADS on the migration and invasion of OE19 cells.
Scratch wound healing assay was used to detect the antimigration effects of DADS at different concentrations (0, 2.5, 5 and 10 µg/ml) on OE19 cells for 24 h (Fig. 4A) . Although the scratch wounds were almost the same size in each experimental group at 0 h, the cell migration rates were significantly reduced in the DADS therapy groups compared with the control group in a dose-dependent manner after a 24-h treatment (P<0.05; Fig. 4B ). The migration rates of the OE19 cells treated with 0, 2.5, 5 and 10 µg/ml DADS were 53.09±3.75, 47.23±5.82, 21.60±4.67 and 8.90±1.94%, respectively (Fig. 4B) . These results clearly indicated that DADS significantly inhibited the migration motility of OE19 cells, which was not due to the cytotoxic action.
The cells that invaded through the Matrigel-coated polycarbonate filter in the chamber were analyzed to detect the anti-invasion effects of various concentrations of DADS (0, 2.5, 5 and 10 µg/ml) on OE19 cells (Fig. 5A) . Invasion rates of OE19 cells treated with 2.5, 5 and 10 µg/ml of DADS were 79.20±9.45, 48.48±4.25 and 24.8±5.15%, respectively. Compared with the control group, DADS suppressed the invasion of OE19 cells in a dose-dependent manner (P<0.05; fig. 5B ). These results clearly indicated that DADS significantly inhibited the invasion ability of OE19 cells, which was not due to the cytotoxic action.
Effects of DADS on the expression and activities of MMP-2
and MMP-9 in OE19 cells. After incubation with DADS at different concentrations (0, 2.5, 5 and 10 µg/ml) for 24 h, the mRNA expression and protein levels of MMP-2 and MMP-9 in OE19 cells were detected by real-time PCR and western blot analysis, respectively ( Fig. 6A and B) . Compared with the control group, the transcriptional and translational expression levels of both mmp-2 and mmp-9 were significantly inhibited by DADS treatment in a dose-dependent manner (P<0.05; Fig. 6A and C) .
In order to assess the activities of extracellular MMP-2 and MMP-9, OE19 cells were treated with various concentrations of DADS (0, 2.5, 5 and 10 µg/ml) for 24 h in serum-free medium. The conditioned medium was collected, concentrated and assayed for the activities of MMP-2 and MMP-9 by gelatin zymography (Fig. 7A) . Compared with the control group, the activities of MMP-2 and MMP-9 in OE19 cells were significantly decreased by DADS treatment in a dose-dependent manner (P<0.01; Fig. 7B ), which were connected with the downregulation of their mRNA and protein expression levels. These results indicated that DADS reduced the expression and activities of MMP-2 and MMP-9, and therefore decreased the metastatic abilities of the OE19 cells.
Effects of DADS on the expression of TIMP-1 and TIMP-2 in
OE19 cells. After incubation with DADS at different concentrations (0, 2.5, 5 and 10 µg/ml) for 24 h, the mRNA expression and protein levels of TIMP-1 and TIMP-2 in OE19 cells were detected by real-time PCR and western blot analysis, respectively ( Fig. 8A  and B) . Compared with the control group, the transcriptional and translational expression levels of both TIMP-1 and TIMP-2 were significantly inhibited by DADS treatment in a dose-dependent manner (p<0.05; fig. 8A and c) . These findings suggested that DADS inhibited cell metastasis by suppressing MMPs through the induction of TIMPs in OE19 cells.
Effects of DADS on the expressions of u-PA in OE19 cells.
After incubation with DADS at different concentrations (0, 2.5, 5 and 10 µg/ml) for 24 h, the mRNA expression and protein levels of u-PA in OE19 cells were detected by realtime PCR and western blot analysis, respectively ( Fig. 9A  and B) . Compared with the control group, the transcriptional and translational expression levels of u-pA were significantly inhibited by DADS treatment in a dose-dependent manner (P<0.05; Fig. 9A and C) . These results demonstrated that DADS decreased the expression and activities of u-PA, and therefore decreased the metastatic abilities of the OE19 cells.
Effects of DADS on the expressions of NF-κB pathway in OE19 cells.
We performed western blot analyses to investigate whether DADS mediates its anti-metastaticeffects in type Ⅱ AEG via modulation of the NF-κB signaling pathway.
After incubation with DADS at different concentrations (0, 2.5, 5 and 10 µg/ml) for 24 h, the protein expression of nuclear NF-κB p65, cytoplasmic NF-κB p65, IκBα and p-IκBα in OE19 cells was detected by western blot analysis (Fig. 10A) . Compared with the control group, DADS significantly inhibited nuclear NF-κB p65 and p-IκBα in a dose-dependent manner (P<0.05; Fig. 10B ). In addition, 5 and 10 µg/ml DADS significantly increased cytoplasmic protein levels of NF-κB p65 in OE19 cells (P<0.01; Fig. 10B ). However, the expression of total IκBα was not affected by DADS in the OE19 cells (P>0.05; Fig. 10B ). These results suggest that DADS could decrease the nuclear translocation of NF-κB p65 and the NF-κB signaling pathway may be involved in the anti-metastatic process induced by DADS.
Effects of DADS on the PI3K/AKT pathway in OE19 cells.
To determine whether DADS inhibits the invasion of OE19 cells by modulation of the PI3K/AKT signaling pathway, we tested the effects of DADS on the expression of total PI3K and total AKT, as well as p-PI3K and p-AKT after treatment with different concentrations of DADS (0, 2.5, 5 and 10 µg/ml) for 24 h (Fig. 11A) .
Compared with the control group, the total protein expression levels of p-pi3K and p-AKT were significantly decreased by DADS in a dose-dependent manner (P<0.01; Fig. 11B) . Moreover, the protein expression levels of total PI3K and AKT were inhibited by 5 and 10 µg/ml DADS treatment (P<0.05; Fig. 11B ). These results indicated that the PI3K/AKT signaling pathway plays an important role in the anti-metastatic process induced by DADS in OE19 cells.
Discussion
The incidence of AEG has evidently increased worldwide. AEG at the early stage can be cured by surgical resection. Moreover, systemic diagnotic techniques and comprehensive treatment for AEG have improved recently. However, these methods are not satisfactory enough for advanced stage AEG patients who have poor prognosis (18) . Most of the AEG patients will eventually succumb to the disease. Metastasis is the leading cause of AEG-related mortality. Therefore, it is important to control cancer metastasis in order to obtain a better curative effect for AEG patients (19) .
As traditional strategies such as chemotherapy and radiotherapy have strong systemic toxicity, novel therapeutic agents with low toxicity are needed to be investigated for AEG patients. Several studies have documented that DADS may serve as a potential anti-metastatic agent in various carcinomas (6, (9) (10) (20) (21) (22) (23) . In the present study, we demonstrated that different concentrations of DADS significantly altered the morphologic characters and reduced cell viability of OE19 cells after treatment for 24, 48 and 72 h in a doseand time-dependent manner with less cytotoxicity to L02 healthy hepatocytes in vitro (Figs. 1 and 2 ). However, DADS <10 µg/ml did not cause cytotoxicity and affect the viability after 24-h treatment (Fig. 3) . Therefore, we used the non-cytotoxic concentrations of DADS (0, 2.5, 5 and 10 µg/ml for 24 h) to test the anti-metastatic effects in OE19 cells. The wound scratch assay was used to assess the motility, and the Matrigel invasion assay was used to assess the ability to penetrate the ECM, respectively, in the present study. Our data provided evidence that DADS at non-toxic doses could significantly inhibit the migratory and invasive abilities of OE19 cells in a dose-dependent manner (Figs. 4 and 5) . These results implied that anti-metastatic potential by DADS in OE19 cells was not due to its cytotoxic effects, which is consistent with previous research findings (21) (22) (23) .
DADS facilitates cancer progression in vitro and in vivo through complicated mechanisms (6, (9) (10) (20) (21) (22) (23) . However, little is known about the molecular mechanisms of the inhibition of invasion and metastasis of AEG by DADS treatment. To elucidate the underlying mechanisms responsible for the anti-metastatic properties of DADS in type Ⅱ AEG oE19 cells, more studies are required for a better understanding.
The adhesive ability of cells and ECM degradation are fundamental to tumor metastasis (24) . The urokinase plasminogen activator (u-PA) and matrix metalloproteinases (MMPs) are proteolytic enzymes secreted by invasive cancer cells (25) . They are crucial for ECM degradation, tumor cell metastasis, as well as a poor survival in various malignant tumors (26) . The activity of u-pA may be the most sensitive factor reflecting cancer metastasis in this plasminogen activation system (27) . MMPs including MMP-2 (gelatinase A, 72 kDa) and MMP-9 (gelatinase B, 92 kDa) belong to zinc-containing endopeptidase family (28) . Moreover, the activities of most MMPs are regulated by their natural endogenous inhibitors, such as tissue inhibitors of metalloproteinase (TIMPs). TIMPs can form 1:1 stoichiometric complexes with MMPs to affect their biological activities (29) . DADS restrains migration and invasion of gastric cancer AGS cells via downregulation of the expression and activity of MMPs (30) . However, the regulation of MMPs, TIMPs and u-PA in AEG by DADS treatment has not been identified. The present study indicated that treatment with DADS at 5 and 10 µg/ml for 24 h notably inhibited the activities as well as mRNA expressions and protein levels of MMP-2, MMP-9 and u-PA in OE19 cells (Figs. 6, 7 and 9 ). In addition, the transcriptional and translational levels of both Timp-1 and Timp-2 were significantly increased by DADS at 5 and 10 µg/ml for 24 h (Fig. 8) . Therefore, the inhibitory effect of DADS on MMP-2, MMP-9 and u-PA, as well as the induction ability of DADS on TIMP-1 and TIMP-2 might be responsible for the suppressive effect of DADS on migration and invasion of OE19 cells.
The promoters of u-PA and MMPs are highly conserved and contain multiple functional elements including NF-κB. Nuclear factor κB (NF-κB), a transcription factor, regulates the expression of numerous genes and plays an important role in the hallmarks of cancer development (31) . While being in the cytoplasm, NF-κB is kept in an inactive form by the inhibitory protein called inhibitor of κB (IκB). Degradation of IκB leads to the activation of the pathway, resulting in the nuclear translocation of the NF-κB complexes (32) . In the nucleus, activated NF-κB binds to the specific DnA sequence called response element in the promoter region of a number of target genes including cytokines, chemokines, adhesion molecules as well as angiogenic factors and key enzymes, and subsequently regulates tumor initiation and progression (33) . The promotion of NF-κB pathway increases the metastatic activity of cancer cells by upregulating u-PA and MMPs (34) . Thus, blocking the NF-κB pathway is likely to be associated with the downregulation of u-PA and MMPs. It is a promising strategy for the suppression of tumor initiation and the inhibition of tumor metastasis (35) . Although the correlation between cancer invasion and NF-κB activity has been determined, the molecular mechanisms of DADS on NF-κB pathway are still poorly understood. In the present study, we demonstrated that DADS at 5 and 10 µg/ml notably elevated the cytoplasmic NF-κB (P65) protein level and abolished nuclear NF-κB (P65) protein levels, and significantly decreased p-IκBα protein levels without affecting total IκBα expression (Fig. 10) . The data suggested that the anti-metastatic mechanism of DADS was at least in part associated with the suppression of the NF-κB pathway and the translocation of NF-κB p65 to the nucleus in OE19 cells, which was associated with the downregulation of MMP-2, MMP-9 and u-PA.
NF-κB is the downstream target of the PI3K/AKT signaling pathway. The PI3K/AKT pathway plays a central role in regulating the expression of MMPs and u-PA by transcriptional factors including NF-κB (36) . Activation of PI3K generates second messenger PIP3, which promotes the colocalization and phosphorylation of AKT Ser308 at the membrane in turn (37) . PI3K/AKT signaling pathway is deregulated in various cancers, which plays a key role in cell survival and proliferation, glucose metabolism, apoptosis, adhesion and metastasis (38) . DADS was found to cause a significant reduction in the invasion of SGc-7901 cells by upregulating miR-34a, via the inhibition of the PI3K/AKT signaling pathway (39) . Our data are consistent with this concept. The present study demonstrated that the profound inhibitory effect of the migration and invasion by DADS was induced by significantly inhibiting phosphorylation of pi3K and AKT in OE19 cells (Fig. 11) . Therefore, the blocking of the PI3K/AKT signaling pathway may provide potential targets for suppressing the metastasis of type Ⅱ AEG cells.
To the best of our knowledge, the present study presented the first evidence that DADS e inhibited cell viability in human type Ⅱ AEG cells with little effect on healthy hepatocytes. Moreover, we provided the evidence that low-dose DADS without an obvious cytotoxic effect significantly reduced the migration and invasion of OE19 cells in vitro. Herein, our findings also showed that DADS regulated invasion and metastasis of OE19 cells via multiple networks involving various signaling contexts. DADS significantly inhibited u-pA, MMP-2 and MMP-9 expression by upregulating TIMP-1 and TIMP-2 expression. These results were probably associated with the inhibition of invasiveness by suppressing PI3K/ AKT and NF-κB signaling pathways in OE19 cells. Overall, the cytotoxic effects and the anti-invasive effects of DADS on OE19 cells seemed to be independently exerted. Our data elicited a new experimental basis for the clinical application of DADS. most importantly, these findings suggest that DADS may be used as a novel promising anti-metastatic agent with few side-effects for the treatment of metastatic type Ⅱ AEG patients to improve long-term survival rates at last in the near future.
